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Osteosarcoma (OS) is the most common cancer of bone. Jaw osteosarcoma (JOS) is rare and it differs from long-
bone OS (LBOS) in terms of the time of onset (two decades later), lower metastatic spread, and better survival. OS
is characterized by the proliferation of osteoblastic precursor cells and the production of osteoid or immature
bone. OS arises from a combination of genetic aberrations and a favourable microenvironment. This local
microenvironment includes bone cells, blood vessels, stromal cells, and immune infiltrates, all of which may
constitute potential targets for anti-cancer drugs. Differences in the clinical and biological behaviour of JOS

versus LBOS are likely to at least in part be due to differences in the microenvironment between the two sites.
The present review provides a brief overview of the known pathophysiological parameters involved in JOS.

1. Introduction

Osteosarcomas (OS) is the most common cancer of bone, accounting
for 40-60 % of all primary bone tumours (Lacour et al., 2010; Ottaviani
and Jaffe, 2009). It usually affects the metaphysis of the long bones
during skeletal growth in children and adolescents (Baumhoer et al.,
2014). Jaw osteosarcoma (JOS) is rare, accounting for only 6% of all OS
(Baumhoer et al., 2014; Boon et al., 2017; Thariat et al., 2012). It de-
velops mainly in the mandible and it differs from long-bone osteosar-
comas (LBOS) in several important ways (Baumhoer et al., 2014; Thariat
et al., 2012):

1 JOS tends to be diagnosed approximately two decades later than
LBOS (Kontio et al., 2019; Lee et al., 2015; van den Berg and Merks,
2013), at an average age of 35 years.

2 It entails a lower risk of lung metastases, reported to be 20-25 %
(Baumhoer et al., 2014; Canadian Society of Otolaryngology-Head
and Neck Surgery Oncology Study Group, 2004) for JOS versus 44
%-49 % for LBOS (Boon et al., 2017). Twenty-five percent of patients
have primary metastases at the time of the diagnosis in case of LBOS,
whereas metastases occur in 17-20 % of patients within two years in
case of JOS (Baumhoer et al., 2014; Nissanka et al., 2007).

3 The overall survival rate is better for JOS, with 77 % survival at 5
years for localised disease and after complete resection (Gran-
owski-LeCornu et al., 2011; Nissanka et al., 2007; Thariat et al.,
2012).

OS is a disease of mesenchymal cell origin characterized by the
proliferation of osteoblastic precursors and the production of osteoid or
immature bone. According to the 2013 WHO classification, OS can be
classified into high-grade, intermediate-grade, and low-grade lesions
(Flechter et al., 2013). Most of JOS are high-grade lesions and include
conventional OS (osteoblastic, chondroblastic, fibroblastic) and other
rare variants (telangiectasic, small cell, epithelioid, giant cell-rich)
depending on the amount of osteoid, cartilage, or collagen produced
by the tumour (Fig. 1). The chondroblastic subtype is predominant
which may be a factor for the better overall prognosis of JOS compared
to LBOS (Lee et al., 2015; Thariat et al., 2012; van den Berg and Merks,
2013). The aetiology of OS remains largely unknown. There is a lack of
recurrent molecular alterations, and there is often a complex karyotype
(Mirabello et al., 2020; Scotlandi et al., 2020). The tumour suppressor
genes p53 and RB1 are frequently altered and they appear to be involved
in initiation of the disease (Miller et al., 1996; Toguchida et al., 1992;
Wadayama et al., 1994). It has been well established that the bone
microenvironment plays a major role in the development, progression,
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and chemoresistance of OS (Alfranca et al., 2015; Bouaoud et al., 2019;
Rubio et al., 2014). The local tumour environment includes bone cells,
blood vessels, stromal cells, and immune infiltrates (Heymann et al.,
2019). The in vivo interactions between the tumour cells and the host
are still largely unknown (Bertin et al., 2019); however, various
anti-cancer drugs have been developed to target the tumour microen-
vironment in OS (Brown et al., 2018). There have been very few studies
to date investigating the tumour microenvironment in JOS (Bertin et al.,
2019). The differences observed in the clinical and biological behaviour
between JOS and LBOS are likely to be due to differences in the
microenvironment between the two sites.

Despite the biological and clinical differences, and due to the lack of
specific data, the treatment of JOS is extrapolated from that for LBOS,
and it can vary between institutions (Bouaoud et al., 2019; Lee et al.,
2015; Thariat et al., 2012). The primary treatment of JOS is radical
surgical removal with clear margins (Bouaoud et al., 2019; Lee et al.,
2015; Thariat et al., 2013, 2012). The margin status is considered to be
the most important factor for local control and survival (Canadian So-
ciety of Otolaryngology-Head and Neck Surgery Oncology Study Group,
2004; Jasnau et al., 2008; Smith et al., 2003; Thariat et al., 2013, 2012).
The 3-year disease-free survival rate can reach 100 % with complete
resection (RO), falling to 38 % in case of incomplete removal (R1)
(Bouaoud et al., 2019). With LBOS, multimodal treatment is well
established and based on neoadjuvant chemotherapy (neo-CT) followed
by surgical resection and adjuvant chemotherapy. The most commonly
used chemotherapy drugs are high-dose methotrexate, and associations
of cisplatin, ifosfamide, etoposide, and doxorubicin (Luetke et al., 2014;
Patel et al., 2002). The adjuvant chemotherapy protocol is based on the
histological response to the neo-CT on the resected specimen (Crenn
et al.,, 2017). Due to a lack of specific data, the use of neo-CT is
controversial in JOS (Kontio et al., 2019). Some studies indicate that
there is a significant positive effect of neo-CT on disease-free and overall
survival (Boon et al., 2017; Smeele et al., 1998; Thariat et al., 2013).
Other studies have failed to show a beneficial effect of neo-CT on overall
survival and on tumour progression in JOS patients (Baumhoer et al.,
2014; Bouaoud et al., 2019; Kassir et al., 1997). While the response to
chemotherapy usually reaches 38-47 % in LBOS (Piperno-Neumann
et al., 2020), the rate of favourable responses drops to 27 % in JOS
(Thariat et al., 2013). The use of adjuvant radiation therapy for JOS is
also a matter of controversy and not well defined, with variable results
on survival reported in the literature (Guadagnolo et al., 2009; Lee et al.,
2015; Petrovic et al., 2019; Smeele et al., 1998). Furthermore, radio-
therapy exposes to significant complications in the head and neck re-
gion, including failure of the reconstruction with free flaps,
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osteoradionecrosis, trismus, and complications in dental rehabilitation
(Chen et al., 2020b; Koudougou et al., 2020; Mijiti et al., 2020). How-
ever, most authors agree that adjuvant radiotherapy should be consid-
ered in case of positive margins or high-grade OS (Baumhoer et al.,
2014; Thariat et al., 2012).

Due to the rarity of JOS, there is limited data regarding the factors
that influence the prognosis or survival in patients with these tumours.
Identification of predisposing factors and markers in the tumour
microenvironment could allow for a better understanding of the bio-
logical and clinical differences between JOS and LBOS. Furthermore,
new targeted therapies could be developed against these markers to
reduce the tumour volume and to limit the need for damaging surgery.
We here present an overview of the state of knowledge regarding the
specific tumour microenvironment of JOS.

2. Embryogenesis

The embryological origin of the gnathic bones could account for
many of the differences between LBOS and JOS (Baumhoer, 2017;
Hameed et al., 2020). Indeed, most of the bones of the skeleton are of
mesodermal origin, whereas the craniofacial skeleton originates from
neural crest. During early embryogenesis, a mandibular prominence
develops from the first pharyngeal arch; this arch subsequently un-
dergoes a membranous ossification to form the mandibular bone
(Baumhoer, 2017). The condyle region undergoes endochondral ossifi-
cation, as in the long bones, although it does not represent a usual
location for JOS development. Furthermore, the later onset of JOS in
non-growing skeleton suggests that bone growth is not a major factor for
JOS development (Chaudhary and Chaudhary, 2012; Gran-
owski-LeCornu et al., 2011; Nissanka et al., 2007). Indeed, no studies to
date in the literature have reported that the differential growth pattern is
a key factor for the biological differences observed between JOS and
LBOS.

3. Molecular alterations (genes and pathways)

A number of high-interest cancer-susceptibility genes have been
identified in osteosarcoma (Mirabello et al., 2020). Whole-genome
sequencing studies have shown that OS has exceptionally high rates of
mutations and genomic alterations (Chen et al., 2014; Perry et al.,
2014). Most of these alterations involve the p53 and RB1 tumour sup-
pressor genes (80-90 % and 10-39 %, respectively), and to a lesser
extent also the ATRX, DLG2, RUNX2, and PTEN genes (Bousquet et al.,
2016). There have been few reports to date of the molecular alterations

Fig. 1. Haematoxylin-eosin staining of a JOS section. Conventional osteosarcoma features with osteoblastic tumour cells in an osteoid stroma, various nuclear atypia
with a high mitotic index (left). Conventional osteosarcoma with substantial chondroblastic differentiation and nuclear atypia (right).
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that occur in JOS. The p53 tumour suppressor gene is located on chro-
mosome 17 and it encodes protein isoforms involved in the cell cycle,
apoptosis, and genomic stability (Surget et al., 2013) (Fig. 2). TP53
mutations can be inherited or they can arise from mutations early in
embryogenesis or in germ cells (Ginat et al., 2018). Immunohisto-
chemical studies have found a high positivity for p53 in JOS samples,
ranging from 46.6-88% (Junior et al., 2003; Lopes et al., 2001; Oliveira
et al., 1997). In a series of 25 head and neck OS, Junior et al. found a
significant correlation between p53 levels and the grade of malignancy,
with 73 % positivity for high-grade tumours versus 36 % for interme-
diate- and low-grade JOS (Junior et al., 2003). Jawad et al. compared
the expression of p53 in LBOS and JOS samples and they found no sta-
tistical difference in protein levels (Jawad and Abdullah, 2010). There is
currently no recommendation for testing p53 in OS, except in cases of
personal or family history of cancers to investigate a genetic predispo-
sition (e.g., Li-Fraumeni syndrome) (Kratz et al., 2017). Furthermore,
there is no clear relationship between p53 deletion or mutation and
clinical outcomes in OS (Wunder et al., 2005).

MDM2 (murine double minute 2) is an E3 ligase that negatively
regulates the transcriptional activity of p53 (Deb, 2003). CDK4 is a
cyclin-dependent kinase implicated in cell cycle progression (Lee and
Yang, 2003) (Fig. 2). These two genes are located on the chromosomal
region 12q13—15 and they are frequently co-amplified in various ma-
lignancies, including OS (Mejia-Guerrero et al., 2010; Wunder et al.,
1999). Expression of MDM2 and CDK4 has been investigated in
craniofacial OS samples at the protein (immunohistochemistry) and
transcript (PCR) levels (Guérin et al., 2016; Hirose et al., 2017; Junior
et al., 2003; Limbach et al., 2020; Lopes et al., 2001; Yoshida et al.,
2010). Various expression levels were found in JOS, ranging from 8 to
100 % for MDM2, and from 33 to 88.8 % for CDK4, with no correlation
with the prognosis in patients. However, as observed in LBOS, amplifi-
cation of MDM2 and CDK4 was not observed in benign fibro-osseous
lesions, thus making it a valuable tool for differential diagnosis be-
tween low-grade OS and benign tumours (Dujardin et al., 2011; Jo and
Doyle, 2016; Mejia-Guerrero et al., 2010). This is particularly the case
for craniofacial bones, for which distinction between OS and benign
tumours such as fibrous dysplasia (FD) and juvenile ossifying fibroma
(JOF) can be challenging with small biopsies (Guérin et al., 2016;
Limbach et al., 2020). Furthermore, a subtype of high-grade JOS
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exhibits co-amplification of MDM2 and RASAL1 (a telomeric gene on
chromosome 12), which has also been reported in JOF (Tab-
areau-Delalande et al., 2015). Co-amplification of MDM2 and RASAL1
could thus constitute an early signature for the risk of transformation of
JOF into high-grade JOS (Guérin et al., 2016). Parks et al. investigated
the possible role of ezrin (a membrane cytoskeleton linker involved in
metastasis) and of the metastatic tumour antigen (MTA) in 31 JOS, but
they were unable to correlate this with the tumour grade and the
prognosis in patients (Park et al., 2009).

The proliferating cell nuclear antigen (PCNA) and the Ki-67 antigen
have been identified as effective biomarkers of a poor prognosis in OS
(Mardanpour et al., 2016; Wang et al., 2017). PCNA is a cell-cycle reg-
ulatory protein, while Ki-67 is a cellular marker of proliferation. Junior
et al. found high levels of PCNA and Ki-67 (92 % and 88 %, respectively)
by immunohistochemistry in 25 samples of intermediate- and
high-grade head and neck OS, although they found no correlation with
survival rates (Junior et al., 2003). In an immunohistochemical study,
Jawad et al. found significantly lower expression of Ki-67 in JOS
compared to LBOS samples (mean positive nuclei: 13.13 + 20.41 vs.
32.27 + 25.05, p = 0.03), but no correlation with clinical parameters
(Jawad and Abdullah, 2010). The results from the immunohistochem-
ical and molecular studies are presented in Table 1.

P16 is a cyclin-dependent kinase inhibitor encoded by the CDKN2A
gene that is involved in regulation of the cell cycle by inhibition of the
transition from G1 to S phase of the cell cycle (Lukas et al., 1995)
(Fig. 2). Overexpression of pl6é is common in human
papillomavirus-induced head and neck squamous cell carcinomas
(Klussmann et al., 2003), and it is associated with a better 5-year sur-
vival rate (Chen et al., 2020a; Molony et al., 2020). Alteration of the
expression of p16 protein has been correlated with the pathogenesis and
progression of OS (Mohseny et al., 2009), and it could constitute a
predictive marker of the pathologic response after neo-CT (Tang et al.,
2017). In an immunohistochemical study of 37 high-grade OS, Asioli
et al. found nuclear expression of p16 in 56.7 % of the samples, as well as
a significant correlation between the negativity of p16 and the risk of a
negative outcome (Asioli et al., 2017).

Fig. 2. Molecular mechanisms involved in the
development of JOS. The p53 protein acts as a
transcription factor for the genes regulating cell
cycle, DNA repair and apoptosis. Under the ef-
fect of intracellular stress (DNA damage, cell
cycle abnormality and abnormal cell meta-
bolism), MDM2 breaks away p53 allowing its
activation. There is a usual overexpression of
MDM2 in the OS leading to the inactivation of
p53. The p16 protein inhibits the CDK4/CDK6-
cycline complex responsible for the phosphor-
ylation of the RB protein. Unphosphorylated RB
protein can bind to the transcription factor E2F,
which controls the expression of the genes
indispensable to the S phase of DNA synthesis.
The phosphorylation of RB prevents its binding
to E2F and thus allows the transition from the
G1 phase to the S phase of the cell cycle under
the action of E2F.
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Table 1
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Literature review of p53, MDM2, CDK4, PCNA, and Ki-67 markers in head and neck osteosarcomas.

Study Nb of p53 MDM2 CDK4 PCNA Ki67 Grade Positivity in benign lesions
specimens
Lopes et al., 9 88.8 % 55.5 % (IHC)66.6 %  88.8 % (IHC)66.6 % Low NC
2001 (IHC) (PCR) (PCR) High
Intermediate
Junior et al., 25 52.0% 24.0 % (IHC) 84.0 % (IHC) 92.0 % 88.0 % Intermediate NC
2003 (IHC) (IHC) (IHC) High
Yoshida et al., 3 100 % (IHC) 33.3 % (IHC) Low 1/40 (3.0 %) EC POP
2010
Guerin et al., 36 8.3% (IHC) 75.0 % High 0/25 CF (FD and OF)
2016 35.7 % (PCR) (IHC)
Hirose et al., 1 100 % (IHC and 100 % (IHC and High NC
2017 PCR) PCR)
Limbach et al., 11 63.6 % (IHC) 63.6 % (IHC) Low 0/14 CF (FD, OF, OF, CGCL,
2020 25.0 % (FISH) Intermediate EO, OFM)
High
Oliveira et al., 17 46.5% High NC
1997 (IHC)
Jawad et al., 15 80.0% 100 % Low NC
2010 (IHC) (IHC) Intermediate
High
Total 117 62.1% 29.4 % (IHC) 77.5 % (IHC) 92.0 % 84.2 % All 1/79 (1.3 %)

THC, immunohistochemistry; PCR, polymerase chain reaction; FISH, fluorescence in-situ hybridization; EC, extra-cranial; POP, parosteal osteochondromatous pro-
liferation; CF, craniofacial; FD, fibrous dysplasia; OF, ossifying fibroma; CGCL, central giant-cell lesion; EO, endosteal osteoma; OFM, odontogenic fibromyxoma; NC,

no comparison.
4. Immune environment

Immune infiltrates are a key component of the complex local envi-
ronment of OS (Heymann et al., 2019). This microenvironment produces
all the factors needed to control proliferation, drug resistance, and the
dissemination of OS cells (Alfranca et al., 2015; Brown et al., 2017;
Cortini et al., 2017). The bone and immune systems are functionally
interconnected, as reflected by the term ‘osteoimmunology’ (Heymann
et al., 2019). Identification of the immune environment involved in JOS
could help with gaining an understanding of the differences in clinical
behaviour relative to LBOS. Furthermore, immune infiltrates may
represent a potential therapeutic target, as indicated by various trials
testing immunotherapies as adjuvant treatments for LBOS (Miwa et al.,
2019). Macrophages are the most highly represented cells in immune
infiltrates and they have central functions in osteoimmunology (Hey-
mann et al., 2019). Tumour-associated macrophages (TAMs) control
local immunity and angiogenesis, and they also regulate tumour cell

migration (Brown et al., 2018). The M1-subtype is considered to have
anti-tumour activity, and several studies have shown that macrophages
are associated with higher survival rates in patients with LBOS
(Gomez-Brouchet et al., 2017). Tumour-infiltrating lymphocytes (TILs)
are the second most represented cells in OS immune infiltrates. TILs
constitute a selected population of T cells with a higher immunological
specificity against tumour cells compared to non-infiltrating lympho-
cytes (Alvarez et al., 2019). The CD8'/FOXP3" subtype of T cells is
particularly associated with better survival rates in patients with LBOS
(Fritzsching et al., 2015; Gomez-Brouchet et al., 2017). TILs are thus
able to recognize and kill antigen-presenting cells (APC) as CD8"
effector T cells and they can regulate the immune response as CD4"
helper T cells. These actions may be inhibited by OS cells by the secre-
tion of immunosuppressive molecules and by the activation of immune
checkpoints (Alvarez et al., 2019; Koirala et al., 2016). The most
investigated checkpoint components are cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death 1

Fig. 3. Schematic representation of the immune environment of OS. PD-1 is expressed by activated T, B, and natural killer (NK) cells. Programmed cell death ligand 1
(PDL-1) is expressed by osteosarcoma cell. The binding of PDL-1 to PD-1 inhibits the T-cell response, thereby leading to a favourable environment for tumour
proliferation. CTLA-4 is expressed on regulatory T lymphocytes and memory T cells. It binds to B7-1 and B7-2 on APCs, thereby inducing functional inhibition of T
cells and immune tolerance. HLA-G directly interacts with inhibitory receptors expressed on NK and T lymphocytes: immunoglobulin-like transcript (ILT)2, ILT4,
KIR2DL4, and CD160. HLA-E binds inhibitory CD94/NKG2 A receptors, which also are expressed on NK and T lymphocytes, causing inhibition of these immuno-
competent cells. HLA-A, -B, and -C molecules bind the tumour-associated antigens and interact with antigen-specific T-cell receptors expressed on cytotoxic CD8" T

cells and NK cells, thereby activating the immune response.
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(PD-1) protein (Fig. 3). The use of targeted therapies against PD-1
(pembrolizumab, nivolumab) and CTLA-4 (ipilimumab) is currently
undergoing phase I/1I clinical trials in advanced OS (Heymann et al.,
2019; Miwa et al., 2019). There have been very few reports to date of the
immune effectors involved in JOS. Alves et al. explored the immune
profile (CD4", CD8", CTLA-4", and PD-1") of JOS samples by immu-
nohistochemistry (Alves et al., 2019). They found low levels of CD4* (30
%) and CD8' (45 %) lymphocytes, as well as a significantly lower
number of CTLA-4" (4.8 %) and PD-1" (0%) cells. While a low level of
CD8™ cells has been reported to be associated with the occurrence of
metastases and poor outcomes in limb OS (Gomez-Brouchet et al.,
2017), no association was found between the immune profile and the
clinicopathological features of JOS (Alves et al., 2019). Arantes et al.
investigated the presence of human leukocyte antigens (HLAs) G and E
and programmed cell death ligand 1 (PDL-1) in high-grade oral osteo-
sarcomas relative to normal bone (Costa Arantes et al., 2017). They
found that these proteins were overexpressed in 69.2 % of oral sarcomas
samples, with significantly higher rates than in normal bone samples.
These results highlight the capacity of malignant osteoblastic cells to
evade immune-based elimination by the expression of immunomodu-
lators on their cell surface. HLA-G and HLA-E are non-classical major
histocompatibility complex (MHC) class I molecules that exert inhibi-
tory effects on natural killers (NK) cells and cytotoxic lymphocytes
(Morandi and Pistoia, 2014). The expression of these inhibitory mole-
cules has also been reported in metastatic oral squamous cell carcinomas
(Gongalves et al., 2014; Mosconi et al., 2017). HLA-G and HLA-E differ
from classical HLA-1 molecules (HLA-A, -B, and -C) that activate T cells
by presentation of the tumour-associated antigen to the T-cell receptor
(Braciale, 1992) (Fig. 3). HLA-A, -B, and -C, therefore, correlate with
better survival in LBOS (Sundara et al., 2017). Studying the HLA system
in JOS could help with the development of new treatment approaches.

More studies are needed to investigate the role of the immune
microenvironment in JOS development. It is likely that there are dif-
ferences in the maturity of the immune system in children and adoles-
cents with LBOS relative to the adult population in case of JOS.

5. Angiogenesis

New blood vessel formation is fundamental to tumour growth, in-
vasion, and metastatic dissemination by most solid tumours, including
OS (Jerez et al., 2017; Xie et al., 2017). Angiogenesis is regulated by the
balance between pro-angiogenic and anti-angiogenic factors. Over-
expression of pro-angiogenic factors is common in OS (Li et al., 2019).
Vascular endothelial growth factor (VEGF) is the predominant
pro-angiogenic factor. VEGF promotes endothelial cell growth, migra-
tion, proliferation, and maturation, as well as the formation of new
blood vessels, by interaction with its transmembrane receptor (VEGFR)
on endothelial cells (Li et al., 2019). Hypoxia is a frequent stimulus of
angiogenesis in OS, acting through the expression of hypoxia-inducible
factor-1o (HIF-1ar), which acts as an active transcription factor for VEGF
(Li et al., 2019; Versleijen-Jonkers et al., 2014). Chen et al. studied the
expression of HIF-la and microvessel density (MVD) (CD34) in 25
samples of JOS using immunohistochemistry (Chen et al., 2008). They
showed overexpression of HIF-1a in JOS compared to normal bone and
benign lesions, and this correlated with the MVD and the clinicopatho-
logical parameters (i.e., the tumour size, the pathological grade, and
recurrence). In another immunohistochemical study with the same
samples, the authors found overexpression of inducible nitric oxide
synthase (iNOS) in JOS and a significant correlation with the clinico-
pathological parameters (Chen et al., 2007). The authors suggested that
HIF-1a and iNOS may promote tumour angiogenesis and that these
could, therefore, represent potential targets for antitumoral therapy.
Jawad et al. compared the VEGF staining in JOS and LBOS and they
found significantly lower expression in JOS, which could explain the
lower metastatic potential (Jawad and Abdullah, 2010) and the poor
responses obtained with neo-CT in JOS. The results from
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immunohistochemical studies regarding the vascular environment are
presented in Table 2.

VEGF appears to have a paradoxical effect in osteosarcoma. On the
one hand, it is associated with pulmonary metastasis, a higher rate of
cancer recurrence, and poor survival (Charity et al., 2006; Kaya et al.,
2000). On the other hand, the expression of VEGF increases the MVD
and it can contribute to the penetration of chemotherapeutic drugs into
the tumour during the neo-CT, which makes VEGF a marker for a good
response to chemotherapy in LBOS (Qu et al., 2011; Rossi et al., 2010).
Various therapies targeting angiogenesis are available for second-line
chemotherapy in advanced disease (Versleijen-Jonkers et al., 2014;
Xie et al., 2017).

6. Perspectives

OS arises in a specialized, complex, and dynamic microenvironment
involving communication by various environmental signals including
cytokines, chemokines, soluble growth factors, and extracellular vesicles
(Alfranca et al., 2015; Corre et al., 2020). In addition to the immune and
vascular components, the microenvironment includes bone cells (oste-
ocytes, osteoblasts, osteoclasts), stromal cells (MSCs, fibroblasts), and
mineralized extracellular matrix (Fig. 4). There have not been any
studies to date describing the specific tumour microenvironment in JOS.
On the other hand, the significance of the bone microenvironment in the
development of LBOS is well established (Alfranca et al., 2015; Rubio
et al., 2014), as indicated by the role of the triad represented by
osteoprotegerin (OPG), the receptor activator of NFkB ligand (RANKL),
and its receptor RANK in bone resorption and tumor proliferation.
Indeed, the tumour cells secrete various factors including RANKL,
thereby inducing the differentiation and activation of osteoclasts. The
activated osteoclasts degrade bone tissue, which leads to the release of
additional factors that promote tumour cell proliferation such as trans-
forming growth factor (TGF)-p and insulin growth factor (IGF) (Guise,
2002; Wittrant et al., 2004). OPG acts as a soluble decoy receptor,
thereby preventing the binding of RANKL to RANK and hence also bone
degradation. Although this signaling triad is currently thought to be
involved in periodontal and dental diseases (Alvarez et al., 2019; Beli-
basakis and Bostanci, 2012), its role in the pathophysiology of JOS has
not been clearly established. It is likely that the jaw microenvironment
differs overall from that of the metaphysis of long-bones, and this could
account for the differences in the clinical behaviour and in the response
to anti-cancer treatments.

There is an urgent need for specific basic research in head and neck
sarcomas in light of the following considerations:

1 While LBOS is a rare disease, its jaw counterpart is even more so,
thereby making difficult to conduct therapeutic trials that involve
large patient cohorts.

2 Histological diagnosis remains difficult with a maxillofacial locali-
zation. Various frequent benign bone tumours of the face can mimic
authentic OS, thus necessitating the identification of specific markers
of the disease.

3 Comparative studies of the bone microenvironment between JOS
and LBOS could result in a better understanding of the differences in
the biological and clinical behaviours.

4 Although overall survival remains better in JOS compared to LBOS,
survival has not improved in the past three decades. Further research
should be aimed at the identification of therapeutics that specifically
target the jaw localization.

5 Neo-CT remains controversial in JOS as the disease may progress
during the neo-CT phase. There is a need to identify tumour markers
that are predictive of the efficacy of neo-CT.

The recent development of JOS models in mice (Bertin et al., 2019)
could allow further exploration of the pathophysiology of bone sarcomas
and testing of several drugs (Blattmann et al., 2015; Nanni et al., 2019).
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Table 2

Critical Reviews in Oncology / Hematology 156 (2020) 103126

Literature review of immunohistochemical studies of HIF-1a, iNOS, CD34, and VEGF markers in jaw osteosarcomas.

Study Nb of specimens HIF-1a iNOS CD34 VEGF Grade Positivity in benign lesions
Chen et al., 2008 25 68.0% Unknown Low 0/15 NB, 1/10 FD
High
Chen et al., 2007 25 80.0% Unknown Low 0/15 NB, 2/10 FD
High
Jawad et al., 2010 15 60.0% Low NC
Intermediate
High
Guerin et al., 2016 36 63.9% High 25/25 (FD and OF)

NB, normal bone; FD, fibrous dysplasia; OF, ossifying fibroma; NC, no comparison.

Tumor-associated

fibroblast ~

Macrophages

Lymphocytes

Endothelial cells

Angiogenesis

Fig. 4. Schematic representation of the interactions between osteosarcoma cells and the environment in the tumour niche. MSCs, mesenchymal stem cells.

The Patient-Derived Xenograft models (PDX) are based on grafting of
neoplastic cells or tissues obtained from patients in immunodeficient
mice (Lai et al., 2017; Wagner et al., 2016). These models have the
advantage to preserve the host tumor microenvironment and the
mechanisms involved in tumor and metastatic progression (Guijarro
et al., 2014; Lu et al., 2018). Furthermore, PDX models are particularly
useful for rare cancers as they allow a wide range of drugs to be tested by
means of a personalized approach for patients (Bousquet and Janin,
2016; Houghton et al., 2007).

7. Conclusion

Jaw osteosarcoma is a rare form of bone sarcoma. It differs from
long-bone osteosarcomas in terms of a number of biological and clinical
parameters. Changes in crosstalk and the relationship of the tumour to
its environment could explain these differences between JOS and LBOS.
The main challenge going forward will be to elucidate this particular
microenvironment in JOS and to devise specific anti-cancer treatments.
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